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Description 



'"^ me%rt of ™nuf»turtng platinum rrt,m,lng cMlysts f Ishlv «J..l0^ "»»°'" 

■="\'rr„Lrp^oS:rr."™pi;:,iroT^^^^^^^ 

"^'""u?' Patent No. 3,518.207 describes an impregnation process for platinum-alumina cat^'ysts wiiich 
n,,,^n;Lrcontactina alumina with a carbon dioxide saturated platinum impregnating solution. 

o QAQ rni anri 3 9S3 368 for example, disclose platmum-indium catalysts. , _ 

'^Tuse of trir^eiaflic catalyses is also known in the reforming art and, in fact, single Pf rt'^%P'i,« 
rhenIIm, and iridium catalysts on an alumina support are specifically taught .n U.S. Patent Nos. 3,578,583, 

''''xhTusrof 'cSoSoxide presaturation has not previously been disclosed in conjunction with the 

-^''.^s^oUaov":^^^^^^ 

Ta^b^n diSrslturS a^^^^^^^^^ 2 is specifically directed to such plots for a platinum-rhen.um/aium.na 
n^h^S— SlS^fort^^^^^^^^^^ process of the present invention compnse a 

."IrSa^Tu^^ra^?^^^^^^^ 

TompaTcat No'^ 1^^^^^^^^ Examples of bimetallic combinations embraced by the present 

invTntton incTude platinum-rhenium, platinum-germanium, platinum-t.n '"d.urn-^^^^^^^^^ 

The refractotv suDOOrt used in the present invention is a porous adsorptive material having a surface 
area LceeS 20 square mLrs per gram and preferably, greater than 100 square metere per grarn. 
RefraS ino?ganll oxides a% preferrld supports, particularly alumina or mixtures thereof with s.Uca^ 
AfSaTs particulariy preferred and may be used in a large variety of forms including al^m'"^. P^f ='P'*« ^ 
o ge' arumina mo^ohydrate and sintered alumina. Various forms of alumina, either singly or in 
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. n»mma theta delta or alpha alumina may be suitably employed as the 
combination, such as eta, chi, S^"^'"?' J^/Jf ' and/or eta alumina. The above nomenclature 
alumina support. Preferably the ^'Xraims w^refe en^^ phase designation is that generally 

used in the present specification and •='a'.'^f j^'^'lJfJXm^^ Industry: Aluminum and its Production by 
employed in the United States and ^escnbed .n r^e ^ um/^^^^^ ma J desirably alumina 

Edwards, Frary and Jeffries, ^^^^^^f^^^^^ons^^^^^ exceeding 3000 microns. The alumina 

has a preferred particle size of at 'ea?^t p-01 microns an^ v ^^^^ ^^^^ g,^^, 

may be employed in massive form but generaM P ^^^^^^ p^„gjg ,„ j^e 

irregularly shaped or uniformly ^hapeji, such as bM^^^^^^ cuo . ^^^.^^^^ admixture of 

preparation of spheroidal L^tr^^ucedln theform of g obu les to a water-immiscible medium, the 

suitable reactants and the hydrosol '"^^^^ globules set to spheroidal particles of 

depth and temperature o^.^^''^''^'^ '^^^J^l^' J^'^Ji^Vsu^^^^^^^^ particles are thereafter withdrawn 

hydrogei during P^^age through he '"^^^g^^; JJf^J^^^^^^^ and/or calcining equipment Alumina, in 
from the forming zone and conducted »°^suitabie wasmng, uiy a ammonium hydroxide or 

theform of a precipitate, may be P«P«^«^^.^V adding a su^ able ^ aluminum nitrate or aluminum 

ammonium carbonate to an aluminum satt such Jj-^J^^J^^j^^ drying. Is converted to alumina, 
acetate in an amount sufficient to form f ^'^^^^X ^^^^^^J^ remove" olu^ impurities. Washing 
After the alumina has been ^°"ru^' '.^.^eneraii^^^^^^^ combination with filtration or as separate 

such as hydrogen fluoride, hydrogen brom.de h^^^^^^ ar^imonium chloride. When such 

sourcesof halogen mclude vola He salts such as amm^ ^ ^^^^^^ ^3^3,y3,_ Halogen 

salts are used, the ammonium ions will be removea °u""9 treatment in qaseous hydrogen halide. 
may also be added as fluorine, chlorine, bromine or iodine o^^^^^ Jto the "a alV«* ^* ^"Y ^"""^'^ 
The halogen, preferably Chlorine or fluorin^^^^^ 

the catalyst manufacture. Thus, l^alogen may be added^^^^^^^ or metals after the alumina has 

It is preferred to introduce halogen during '""Pr^a^f ''"^".^^^^^^ ^ use halogen-containing metal 
undergone carbon dioxide treatment. One method to ^^^^^ ^ be 

compounds such as chloroplatmic f '?;°'"tTeriirsuc^^ fluoride and hydrogen 

incorporated in the catalyst by contacting it ^ may also be incorporated 

-\t*:a^^sra?;sve;^;^L^^^^^ 

carbon dioxide prior to impregnation v^'* by weight. It is 

either with or without halogen, is dr'ed, pr^erably to a water ^^^^J contact thereof with gaseous 

particulariy preferred that ^^f'^'^'l^fj^^^lj'^^'^^^^ gaseous carbon dioxide. Such 

carbon dioxide. The dried ^nd/or calcined alumma st^^^^^^ utilizing a carbon dioxide pressure in 

treatment is generally f alumina is generally treated with 
the range of between about 100 kPa (0 ps.g) and J|J ^^jg^aiiy from one minute to 3 hours. It 

carbon dioxide for a period of from one 7^°"'/„^^^ above are not considered critical, it 

is to be noted thatthe time of gas treatment and the pre^^^^^^^ atmosphere for a 

being only necessary that the alumina base J« iX^^^^'^ecomrsu^^^^^^^ saturated. The gas initially 

sufficient period of time and under sufficient pressure « replaced by sweeping the 

so contained in the pores of the alumma base whic^^ ^ P^^^ substantially all of 

alumina particles with gaseous P^rbon dioxide for a su^^ preferred, however, to subject the 

the air in the pores ofthe alumina with carbon d^»d^^^^ contained therein and 

porous alumina base to ^ >'acuum the eby remo^^^^^^^ 

subsequentlytocontarttheev^^^^^^^ 

55 With carbon dioxide, is thereafter impregnatea wiin a s^^^^ oretreatment, is maintained in an 

in one preferred embodiment of '"^«"tion the a^^^^^^ 

atmosphere of gaseous carbon dioxide during the subsequ^^^^^ ^^^^^ ^.^^^ 

the use of an aqueous solution of platinum group '?]f;f^'J=°"7'"' "^rticularlv preferred embodiment of 
bromoplatinic acid, chloroiridic acid and f,^;bemc |C'd ^ on alumina. In 
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commingled with the carbon '^'o^^'^SifsTrhSSShS 

stand, preferably with or atter suitable ag tat.0^^ ^ ^^^^^^ ^i,, 

of the platinum and *e""°"f„°^;^| ^J^s t^ 

ThSr ffi;iMn:r irSr rmSuS^' platmu^ mtrate. dinitro- 

diammineplatmum Ul) and a^^^ ^.^^ ,3,^gen is dried at a 

The resulting compos ta of alumina ana ^^^^ ^ ^ ^^^^^ 24 ^^^^^5 

temperature of from 93 C (200 F> «o f O C «50U n ror a P containing gas. e.g. air, at a 

longer and ^^^l^;^^fjJ?^.^%\:^^ tim^of from 0.5 hour to 12 hours or 

=rrmrirnc?qeK^^^^ 

Srb^ISlalpf^tVth^S^^^^ 

^ TSr^^e aS^^^^^ -ra?-r«:Se^^^^^^^^^ 
-ThiX=o?Sv^\s^^^^^^^^^^^^ 

Without wishing to be bound by any p^^^^^ ^^^her believed that the 

activity is due to irnproved metal *f ^leviS from diffusion. It is felt that the 

nature of P'^i"""? '=i'emistry. ^ platinum and rhenium can be accomplished using aqueous 

HjPtCI,+2H20;?±2H30* + PtCU*" 
HReOA+HzO^HjO^+ReOr 
Any discussion of the differences in the chemistry of impreg^^^^^^^ S-Tan^TatS^M^^^^^^ 

Chemistry, John Wiley and Son, N- Y. 1972 p. 973' ^^l'- , ^y W. M. Latimer and J. H. 

The anions of merest show quite different f^oox potentials as 9'^°'' "J .g- ^ ^-q 

Hildebrand. Reference Book of Inorganic Chemistry, 3rd ed., Macmillian Co.. N. Y. 1959, p. 395, 443, 450. 
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Volts 

-0,25 -0.51 

Reo > ReOa .Re04- -0*76 

-0.73 -0.72 

Pt" > RCU2 ►PtCU2- -1.45 

-1.0 -1.02 

\rO > IrCUa ^lrCU2- -2.02 



6S The anion 



structural and charge differences as well as differences in the platinum and rhenium 
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. .L. - u««,:c^♦r^/ nc iiiiKstratficI bv the solubilities of the salts in water (J. 
oxidation states lead to differences '"/J.^^^J/-'^ ^^^^^ Co.. N. Y.. 1979. p. ^22 and R. 

A. Dean, editor, l-^"9e's Handbook of Chemis^^^ Publishing Co., London, 1966, p. 33). For 

0. Peacock, The Chemistry ^^.'^f^^^^^Qo'c "^fj^ while NH.ReO. has a solubility, at 20<>C. of 

example {NHJ.PtCI, ^as a solub^l.ty, at 20 c S/Jo^a ^ ^^^^ (NHJaPtCU- The corresponding 

6.2 g/100 g H^O. The ammonium salt of ReO* s mucn mo ^ ^.^^^^^ Solubilities of 

ammonium salt of lrCle2- has a solub.l^, at 19 C. of ^J-* 9'^^^ ^ ^o.. Inc., N. Y. 1958, p. 1304). 
inorganic and Metal-Orgama ^^''^Zn' c^aroe structure me al o^^^^^ state and chemistry, no 

p.dSn*^ru?'r:anVz.:s:inp?^^^^ 

'°''lhe present invention also provides a process for preparing a trimetallic catalyst which comprises the 

pallM um, o.mlum. Indium, manganeso, ■"t'^r?„ .„ ™iM^^^^ for ' Serlod of «m. 

20 With the desired metal and calcining the resulting ""iPOf'^e: , . . ,b, 

to 593°C (1100-R and P^^^arably, from 427 C (800 F) to b^^^^ hydrocarbon charge of from 0.5 to 20 

hydrogen with the feed. »„„„,j:nn tn tha nrocass of the present invention may be 

It is contemplated that the catalysts prepared according to the process o"ne pres 

employed in any of the conventional types J P^'^'ISKS^^^ 

form of pills, pellets, ^'^^"'^^^^^'^P^TCiha^ae stock mlj 2e pTsTed through the catalyst bed as a liquid, 
a fixed bed within a reaction zone. The charge s^ock may oe pass « ^^^^^ g form 

vapor or mixed phase ai^^^^'' "P^rl^hfchame JtS^ 

suitable for moving beds. In such instance, ^^^^^^ catalyst. Alternatively, 

wherein the charge stock may be passed in concurrent or c un^^^^ Y ^^^^ 

a suspensoid-type process may be employed in !i'^"°^J^;^^^^^^ carried out in a series 

columns where the various desired components are obtained by fractionation. 

The following examples illustrate P^f|^^"* '"7"^^^ obtained spheroidal 1.6 mm gamma 
The supports used in the following ^'.^"^P'^ ^ In general, the supports 

alumina beads. Typical analytical properties °J ^^^^/^'^^-Ye, i for at least four hours, 

were humidified before each preparation by stor mg o^a^^^ter in a close^ vessel 
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TABLE 1 

Typical analytical properties of Y-AI2O3 beads 





Density, Real, g/cc 


2.94 


5 


Particle, g/cc 


0.76 




Pore volume, cc/g 


0.97 


;o 


Surface Area, mVg 


195 




percent Si02 


0.35 




percent Na 


0.02 




percent CI 


0.04 




Crystallinity (order-disorder) 


intermediate 
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""TmWs ».a,pl., . =<»n|K..i» »=s pr«=r=d oonflnins 0.8 wigh. p.«>ent platinum and 0.6 weight 

in Example 1, 

"^TLl fined with 15 g. of humidified gamr.a AI.O3 ^f ds was eva^^^^^^^^^ ^Tand ng'Sn 
0.3 weight percent platinum and 0.3 weight percent rhenium on alumina. 

contained 0.6 weight percent iridium on aiumma. 

^"Tn^'this example, a composite is prepared without carbon dioxide presaturation and containing 0.6 
55 weight percent iridium on alumina. 
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'>''>'''^>y-r^.'°^^^'^°St^^^^^^^^ CO. p™.atMr,t.<l alumir, with the 

:7rrirei*^r;,:rr/:ssrrra,u^^^^^^^^^^^ .h,„i.. ana 

iridium each being 0.3 weight percent. 

Examples 9 through 16 .^8 aeneral procedures of Examples 1—8 each underwent a 

.,,,;S.%T»KS.S^™Cl«.rslS^^^^ and «,oha»n= aa cha,,. 

Sks The conditions for such screening tests were as follows. 

Test Conditions: 0.5 g catalyst ,«,«oe^ 
H2 Reduction at 454''C (849°F) 

2s Dehydrogenation: Charge Stock Cyclohexane 

ue y y WHSV-3 Hr"^ 

H^/HC^T 

Temp^aOO^C (SVa^'F) 
Time=10 minutes 

Dehydrocyclization: Charge Stock n-hexane 
^ WHSV=:3 hr-' 

H2/HC=7 

Temp=470*'C (878*F) 
Time=60 minutes 
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the above stated conditions for 60 minutes. 

The catalysts utilized for Examples 9-16 are identified as follows: 

Catalyst utilized was 
prepared according to 

4S the general procedure 

in Example No, of Example No. 

T"" 1 

50 10 2 

11 3 

12 4 

55 

13 5 

14 6 
60 15 7 

16 8 
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show an enhanced activity with respect to both dehydrogenation and dehydrocyclization when compared 
to catalysts prepared without CO2. 

TABLE 2 

5 Q 10 11 12 13 14 15 16 
Example No. 9 



Catalyst Description: 
Single Particle 
JO or Dual Particle 



CO2 Presaturation 
Wt percent Pt 
Wt. percent Re 
Wt. percent Ir 



J5 



20 Conversion of 
Cyclohexane 
(Dehydrogenation) 

Conversion of n-Hexane 
25 (Dehydrocyciization) 



Single 


Single 


Single 


Oil lo 


Sinale 


Single 


Dual 


Dual 


Yes 


No 


Yes 


No 


Yes 


No 


Yes 


No 


0.6 


0.6 


0.3 


0.3 






0.3 


0.3 


0.6 


0.6 


0.3 


0.3 






0.3 


0.3 










0.6 


0.6 


0.3 


0.3 


68.7 


64.1 


72.5 


62.9 


68.5 


68.3 


86.9 


69.3 


44.9 


40.3 


42.0 


29.6 


61.6 


45.5 


52.9 


52.4 
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50 Claims 



fmoregnatrng the support with the desired metals and calcining the resu tmg composite. 
•^ 2 A process according to claim 1, wherein the catalyst comprises P a -num 
3 A oroeess according to claim 2, wherein the catalyst comprises platinum and rhenium. 
I A pmcesra^ording to cla 3. wherein impregnation is effected by utilizing an aqueous solution of 

so "^f^Cle^and^HReO.^^^.^ ^^^.^ ^ ^^^^^.^ i„,pregnation is effected by utilizing an aqueous solution of 

Dresenn^an am^t of from O.OS to 5.0 weight percent based on total catalyst weight. 
65 7. A proces^according to any one of claims 1 to 6, wherein the support is alumina. 
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dioxld; for . pertod «™,'™" °" "iSirthfS of ,i™ l< from .n, n.lnu» to thr,. hou™. 

''"KTrofes^accoX^ any one of claims 1 to 17. wherein the composite is further subjected to 
-'''?s" f p12c\raSn?t; rnvTnrS^'c.'ars 18. t?=°s"ubsec.uent to the calcination, the 
nnmoosrteT reduced in a hydrogen atmosphere at a temperature not in excess of 538 C. 
composite IS reduced ^ "Va °g ^ ^^j^j, comprises the steps of 

25 With the desired metal and calcining the resulting composite; and 

(c) mixing together the catalyst composites prepared in steps (a) and (b). 

Patentansprucho 
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von Chlorplatinsiuro. Bmmplatimiure, Chlor.ridiumsau™ It. der r,sultlar.nden 

'°*7"wrfa'Sin naO. ainen. da. Anaprtlche 1 W. 6, worin Mr Trljer WomWdmoxld ist. 

I HE SaS it=='J^>^<'^' 0..,.. vo- 

""To. t<Z^'^''>-''<--^ * ALumWumoxid .in. .p^lfiaoh. Obarfl.d,. von groS.r ala 

""v-rfahran nach .ln«n dar An.prOch, 1 bi, 10, worin d.r TrSg.r b.1 Raomt.n-p.ratur bal ainam 

-r;:rr.?'n.raLriX"rSi^^^^^ 

bezoqen auf das Katalysatorgesamtgewicht betragt. ^.^^^ p^ior 

!?:;^r^^r.rj?rcx?i,r?rrH'ndT^^^^^^^^ 

bis 538'C durchgefuhrt wird. - i kic 17 worin die Zusammensetzung weiterhin nach der 

,„pr?,rrr;'rrrrrarri^^i^^^ 
« ,„ .rr=J2rai:^r^s%tr-T:rrirz ™d.,.„ -d. 
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Anspruche 1 bis 19; ♦^nie^hon i^;,taivsatorzusammensetzung, die ein Metall, ausgewahit aus 

umtaSt, duroh sin Verfehren, be. d.m a=; Tr.g« ™t ^^^^J^'^Ma^u «„MMIlchen 



miteinander 
Revendications 



1 Un precede de preparation d'un composite pour catalyseur Po'Y'"^*^'"<l"\'=°!;P'',^"^^^^ 

30 poids du catalyseur ..^nque des revendications 1 ^ 6, dans lequel le support est I'alumine. 

» * "fun p»c4d« ..loo 1. rev«idl«t«,n 9, d.ns lequel r.lumlne a on. .urf«= sp&illqu. suNri.ur, 4 
'°° ""'un procidS .elon IW qdSlconqud des ™™ndlcaUors 1 i 'Ko"«4m'w." 

— "ililS'eS'onrHar^diti^^^^^^^ 

^^Un procede selon I'une quelconque des revendications 1 k 13, dans lequel ie catalyseur comprend 
Tun^rocS selon la revendication 14, dans lequel la quantity d'halog^ne present est comprise 

'"''^s'S n^r.r etnS^^^^^^^ ^ dans lequel le composite est soumis 

55 fa)" pre"pa;a?on d?n ca^^^^^^^^^^ composite bimetallique par un proc6d6 selon I'une quelconque des 
'"''Tbtpr^Saratio'n tfiln catalyseur composite monom6tallique comprenant un m6tal choisi dans la liste 

- -r^sxrnSrr^T^rxrdOT^^ 

(c) le melange des catalyseurs composites prepares dans les etapes (a) et (b). 
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